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ABSTRACT 

The present invention relates to the use of a quaternary 
ammonium complex comprising at least one non-cyclic 
amide as a modi?er for a creping adhesive used on a creping 
cylinder, e.g., a Yankee dryer. 
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CREPING ADHESIVE MODIFIER AND PROCESS 
FOR PRODUCING PAPER PRODUCTS 

[0001] This application claims the right to priority based 
on US. Provisional Patent Application No. 60/372,255 ?led 
Apr. 12, 2002. 

[0002] The present invention relates to the use of at least 
one quaternary ammonium complex comprising at least one 
non-cyclic amide as a modi?er for a creping adhesive for 
producing creped paper. More particularly, the present 
invention relates to a creping adhesive including a modi?er 
and a method of using the modi?er to soften the creping 
adhesive resulting in a creped product having a more uni 
form crepe and a creping operation that is stable. Finally, the 
present invention relates to an improved paper product 
produced using a creping adhesive modi?ed With at least one 
quaternary ammonium complex comprising at least one 
non-cyclic amide. 

[0003] Softness of a paper product, such as a tissue or 
toWel, is a desirable attribute. Softness, like strength and 
absorbency, plays a key role in consumer preference. Soft 
ness relates both to the product bulk and surface character 
istics. Softness is the tactile sensation perceived by a user 
When they touch and hold the paper product. 

[0004] Paper is generally manufactured by suspending 
cellulosic ?bers of appropriate length in an aqueous medium 
and then removing most of the Water from the Web. The 
paper derives some of its structural integrity from the 
mechanical arrangement of the cellulosic ?bers in the Web, 
but most, by far, of the paper’s strength is derived from 
hydrogen bonding Which links the cellulosic ?bers to one 
another. The degree of strength imparted by this inter?ber 
bonding, While necessary to the utility of the product, results 
in a lack of perceived softness that is inimical to consumer 
acceptance. 

[0005] One method of increasing the softness of paper is 
by creping it. Creping, by breaking a signi?cant number of 
inter?ber bonds, increases the perceived softness of the 
resulting product. Creping is a process, Which is Well knoWn 
in the art. Creping is the process of mechanically foreshort 
ening a ?brous structure in the machine direction in order to 
enhance bulk, stretch, and softness. Creping is used to 
remove a ?brous Web from a drying structure, such as a 
Yankee dryer. The ?brous Web is adhered to the dryer and 
removed from the dryer using a ?exible creping blade. The 
creping blade can be made of metal, ceramic, or other 
materials. The degree to Which the Web is adhered to the 
dryer is a factor in determining hoW uniform the creping Will 
be and thus, the bulk, stretch, and softness of the creped Web. 

[0006] Creping aids are applied to a creping dryer surface 
to facilitate the adhesion/creping process. The adhesion 
level is important, since it relates to Web control from the 
creping blade to the reel on a paper machine. Paper Webs not 
sufficiently adhered to a creping dryer surface are dif?cult to 
control and can cause Wrinkles and Weaving of the Web in 
the parent roll. When a Web Weaves at the reel the parent roll 
edges are uneven. Poorly creped Webs not only affect the 
reliability of the papermaking operation but also can cause 
sheet breaks and difficulties in converting base sheet into 
?nished product rolls of toWel or tissue. 

[0007] The level of adhesion of a Web to a creping dryer 
surface is important, because it relates to the transfer of heat 
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from the surface of the dryer to the Web and ultimately 
affects the drying rate. Therefore, higher levels of adhesion 
alloW for a Web to dry faster, thus alloWing the paper 
machine to operate at higher speeds. 

[0008] Athrough-air-dried Web tends to have poorer adhe 
sion to a creping dryer surface than a conventionally Wet 
pressed Web. There are several reasons for this phenomenon. 
First, through-air-dried Webs contact the surface of a creping 
dryer at loWer contact levels since the Web is transferred to 
the surface of the creping dryer With a limited-knuckle-area 
fabric, While a conventionally Wet-pressed Web is pressed 
more uniformly With a felt against the dryer surface. Second, 
through-air-dried Webs are transferred to a creping dryer 
surface at higher dryness levels, While conventionally Wet 
pressed Webs are transferred at loWer dryness levels. The 
loWer dryness level facilitates more intimate contact of the 
Web With the dryer surface and, hence, better adhesion. 

[0009] It is important that the creping adhesive package 
have the proper softness/?exibility to alloW sheet adhesion 
yet alloW the doctor to maintain a clean creping dryer 
surface. If the adhesive becomes too hard and incomplete 
removal of adhesive from the creping surface occurs, por 
tions of the Web may remain adhered to the creping dryer 
surface. When portions of the Web remain adhered to the 
creping dryer, defects often result in the Web, Which ulti 
mately can lead to poor quality products and breaks in the 
Web in the open draW betWeen the creping doctor and reel. 

[0010] Excessive build-up of creping adhesive on the 
creping dryer surface is another problem associated With the 
use of creping adhesive materials. Excessive build-up of 
creping adhesive materials on a creping dryer surface pro 
duces streaky dryers. The streaks on the dryer impact the 
pro?le of adhesion in the cross-direction (CD)—Width direc 
tion—of a paper machine, often resulting in reels With 
bumps or Wrinkles. The usual remedy for such a situation 
Would be to change creping blades, leading to the costly 
situation of Waste on the paper machine and the replacement 
of costly creping blades. Alternatively, coating streaks can 
be controlled through the use of a cleaning blade, Which is 
positioned right after the creping blade on a creping dryer. 
The cleaning blade also has to be frequently changed to 
control streaks and excessive adhesive build-up. 

[0011] In order to prevent adhesive build-up, creping 
adhesives need to provide proper levels of tack, yet be soft 
enough to be removed by the creping blade. The present 
invention discloses a modi?ed creping adhesive package 
that provides the proper levels of tack, yet is soft enough to 
be removed by the creping blade. As a result, the creping 
adhesive package provides for a stable creping operation. 
Furthermore, the present invention discloses a modi?ed 
creping adhesive Which forms an improved more uniform 
creped paper product. The modi?ed creping adhesive 
according to the present invention includes at least one 
quaternary ammonium complex comprising at least one 
non-cyclic amide. The present invention is based on the 
discovery that modi?ers comprising a quaternary ammo 
nium complex comprising at least one non-cyclic amide can 
bene?cially affect the adhesive characteristics of a creping 
adhesive and thus, Will bene?cially affect the structure of the 
?nal creped Web and the paper making process. 
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[0012] The present invention provides an improved crep 
ing adhesive that can remain softer and tackier through the 
addition of a creping modi?er, especially for Webs creped at 
loW moisture conditions. 

[0013] In accordance With the present invention, there is 
disclosed a creping adhesive comprising a modi?er com 
prising a quaternary ammonium complex comprising at least 
one non-cyclic amide. 

[0014] There is further disclosed a creping adhesive com 
prising an aqueous admixture of polyvinyl alcohol, a Water 
soluble polyamide resin, and a quaternary ammonium com 
plex modi?er comprising at least one non-cyclic amide. 

[0015] There is still further disclosed a creping adhesive 
comprising an aqueous admixture of polyvinyl alcohol and 
a quaternary ammonium complex modi?er comprising at 
least one non-cyclic amide. 

[0016] There is also disclosed a creping adhesive com 
prising an aqueous admixture of a Water-soluble polyamide 
resin and a quaternary ammonium complex modi?er com 
prising at least one non-cyclic amide. 

[0017] There is disclosed a method for making a cellulosic 
Web comprising forming a nascent Web on a foraminous 
fabric; applying to a rotating creping cylinder a creping 
adhesive comprising a modi?er comprising a quaternary 
ammonium complex comprising at least one non-cyclic 
amide; and pressing the cellulosic Web against the creping 
cylinder to cause sheet transfer and adhesion of the Web to 
the cylinder surface. 

[0018] There is further disclosed a method for making a 
cellulosic Web comprising forming a nascent Web forami 
nous applying rotating creping cylinder a creping adhesive 
comprising an aqueous admixture of polyvinyl alcohol, a 
Water-soluble polyamide resin, and a quaternary ammonium 
complex modi?er comprising at least one non-cyclic amide; 
and pressing the cellulosic Web against the creping cylinder 
to cause sheet transfer and adhesion of the Web to the 
cylinder surface. 

[0019] There is still further disclosed a method for making 
a cellulosic Web comprising forming a nascent Web on a 
foraminous fabric; applying to a rotating creping cylinder a 
creping adhesive comprising an aqueous admixture of poly 
vinyl alcohol and a quaternary ammonium complex modi?er 
comprising at least one non-cyclic amide; and pressing the 
cellulosic Web against the creping cylinder to cause sheet 
transfer and adhesion of the Web to the cylinder surface. 

[0020] There is also disclosed a method for making a 
cellulosic Web comprising forming a nascent Web on a 
foraminous fabric; applying to a rotating creping cylinder a 
creping adhesive comprising an aqueous admixture of a 
Water-soluble polyamide resin and a quaternary ammonium 
complex modi?er comprising at least one non-cyclic amide; 
and pressing the cellulosic Web against the creping cylinder 
to cause sheet transfer and adhesion of the Web to the 
cylinder surface. 

[0021] There is disclosed a method for making a cellulosic 
Web comprising forming a nascent Web on a foraminous 
fabric; transferring the nascent Web from one foraminous 
fabric to another foraminous through-air-drying fabric; par 
tially drying the Web to a solids level of from about 40% 
solids to about 98% solids on said through-air-dryer fabric; 
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applying to a rotating creping cylinder a creping adhesive 
comprising a modi?er comprising a quaternary ammonium 
complex comprising at least one non-cyclic amide; and 
pressing the cellulosic Web against the creping cylinder to 
cause sheet transfer and adhesion of the Web to the cylinder 
surface. 

[0022] There is further disclosed a method for making a 
cellulosic Web comprising forming a nascent Web on a 
foraminous fabric; transferring the nascent Web from one 
foraminous fabric to another foraminous through-air-drying 
fabric; partially drying the Web to a solids level of from 
about 40% solids to about 98% solids on the through-air 
drying fabric; applying to a rotating creping cylinder a 
creping adhesive comprising an aqueous admixture of poly 
vinyl alcohol, a Water-soluble polyamide resin and a qua 
ternary ammonium complex modi?er comprising at least 
one non-cyclic amide; and pressing the cellulosic Web 
against the creping cylinder to cause sheet transfer and 
adhesion of the Web to the cylinder surface. 

[0023] There is still further disclosed a method for making 
a cellulosic Web comprising forming a nascent Web on a 
foraminous fabric; transferring the nascent Web from one 
foraminous fabric to another foraminous through-air-drying 
fabric; partially drying the Web to a solids level of from 
about 40% solids to about 98% solids on the through-air 
drying fabric; applying to a rotating creping cylinder a 
creping adhesive comprising an aqueous admixture of poly 
vinyl alcohol and a quaternary ammonium complex modi?er 
comprising at least one non-cyclic amide; and pressing the 
cellulosic Web against the creping cylinder to cause sheet 
transfer and adhesion of the Web to the cylinder surface. 

[0024] There is also disclosed a method for making a 
cellulosic Web comprising forming a nascent Web on a 
foraminous fabric; transferring the nascent Web from one 
foraminous fabric to another foraminous through-air-drying 
fabric; partially drying the Web to a solids level of from 
about 40% solids to about 98% solids on the through-air 
drying fabric; applying to a rotating creping cylinder a 
creping adhesive comprising an aqueous admixture of a 
Water-soluble polyamide resin and a quaternary ammonium 
complex modi?er comprising at least one non-cyclic amide; 
and pressing the cellulosic Web against the creping cylinder 
to cause sheet transfer and adhesion of the Web to the 
cylinder surface. 

[0025] There is disclosed a method for creping a cellulosic 
Web comprising forming a nascent Web from an aqueous 
?ber furnish on a foraminous fabric; transferring the nascent 
Web from one foraminous fabric to another foraminous 
through-air-drying fabric at a fabric crepe level from about 
0% to about 25%; partially drying the Web to a solids level 
of from about 40% solids to about 98% solids on the 
through-air-drying fabric; applying to a rotating creping 
cylinder a creping adhesive comprising an aqueous admix 
ture of polyvinyl alcohol, a Water-soluble polyamide resin 
and a quaternary ammonium complex modi?er comprising 
at least one non-cyclic amide; pressing the cellulosic Web 
against the creping cylinder to cause sheet transfer from the 
foraminous through-air-drying fabric and adhesion of the 
Web to the cylinder surface; drying the cellulosic Web on the 
creping cylinder to from about 92% solids to about 99% 
solids; removing the Web from the creping cylinder surface 
With a doctor blade With residual creping of from about —7% 
to about 30%; and Wrapping the Web into a reel. 
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[0026] There is further disclosed a method for creping a 
cellulosic Web comprising forming a nascent Web from an 
aqueous ?ber furnish on a foraminous fabric; transferring 
the nascent Web from one foraminous fabric to another 
foraminous through-air-drying fabric at a fabric crepe level 
from about 0% to about 25%; partially drying the Web to a 
solids level of from about 40% solids to about 98% solids on 
said through-air-drying fabric; applying to a rotating creping 
cylinder a creping adhesive comprising an aqueous admix 
ture of polyvinyl alcohol, a Water-soluble polyamide resin, 
at least one Zirconium salt and a quaternary ammonium 
complex modi?er comprising at least one non-cyclic amide; 
pressing the cellulosic Web against the creping cylinder to 
cause sheet transfer from the foraminous through-air-drying 
fabric and adhesion of the Web to the cylinder surface; 
drying the cellulosic Web on the creping cylinder to from 
about 92% solids to about 99% solids; removing the Web 
from the creping cylinder surface With a doctor blade With 
a residual crepe level of from about —7% to about 30%; and 
Wrapping the Web into a reel. 

[0027] There is still further disclosed a paper product 
produced by applying to a creping cylinder a creping adhe 
sive comprising a modi?er comprising a quaternary ammo 
nium complex comprising at least one non-cyclic amide, 
creping a ?brous Web from the creping cylinder and pro 
ducing said paper product from said ?brous Web. 

[0028] Finally, there is disclosed a paper product produced 
by applying to a creping cylinder a creping adhesive com 
prising an aqueous admixture of polyvinyl alcohol, a Water 
soluble polyamide resin and a quaternary ammonium com 
plex modi?er comprising at least one non-cyclic amide; 
creping a ?brous Web from the creping cylinder; and pro 
ducing said paper product from said ?brous Web. 

[0029] It is to be understood that both the foregoing 
general description and the folloWing detailed description 
are exemplary and explanatory only and are not restrictive of 
the invention, as claimed. 

[0030] The accompanying draWings, Which are incorpo 
rated in and constitute a part of this speci?cation, illustrate 
embodiments of the invention and together With the descrip 
tion, serve to explain the principles of the invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0031] FIG. 1 is an illustration of a conventional Wet press 
process; and 

[0032] FIG. 2 is an illustration of a conventional through 
air-drying process. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0033] The present invention provides absorbent paper 
Web properties and paper machine runnability through the 
use of a creping adhesive modi?er. An absorbent paper Web 
as de?ned herein includes bath tissue, paper toWels, paper 
napkins, Wipers, and facial tissue. The basis Weight of such 
products and their base sheets are in the range of about 8 
lb/3000 ft2 to about 50 lb/3000 ft2. 

[0034] According to the present invention, absorbent 
paper may be produced using any knoWn method of drying. 
The most common drying methods are (I) conventional Wet 
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pressing (CWP) and (II) through-air-drying In a 
conventional Wet press process and apparatus (10), as exem 
pli?ed in FIG. 1, a furnish is fed from a stuffbox (not shoWn) 
into conduits (40, 41) to headbox chambers (20, 20‘). AWeb 
(W) is formed on a conventional Wire former (12), supported 
by rolls (18, 19), from liquid slurry of pulp, Water and other 
chemicals. Materials removed from the Web through fabric 
(12) in the forming Zone are returned to silo (50), from 
saveall (22) through conduit (24). The Web is then trans 
ferred to a moving felt or fabric (14), supported by roll (11) 
for drying and pressing. Materials removed from the Web 
during pressing or from the Uhle box (29) are collected in 
saveall (44) and fed to White Water conduit (45). The Web is 
then pressed by suction press roll (16) against the surface of 
a rotating Yankee dryer cylinder (26), Which is heated to 
cause the paper to substantially dry on the cylinder surface. 
Although not shoWn in FIG. 1, a shoe press could be used 
in place of the suction press roll to press the paper against 
the surface of a rotating Yankee dryer cylinder (26). The 
moisture Within the Web as it is laid on the Yankee surface 
causes the Web to transfer to the surface. Sheet dryness 
levels immediately after the suction press roll are in the 
range of about 30% to about 50% dryness. Liquid adhesive, 
often referred to as creping adhesive, may be applied to the 
surface of the dryer to provide substantial adherence of the 
Web to the creping surface. The Web is then creped from the 
surface With a creping blade (27) or a roller equipped With 
a fabric. Details of roll creping are generally described in 
US. Pat. Nos. 5,223,092 and 5,314,584, Which are incor 
porated herein by reference. The creped Web is then option 
ally passed betWeen calender rollers (not shoWn) and rolled 
up on roll (28) prior to further converting operations, for 
example, embossing. 
[0035] A Web may alternatively be subjected to vacuum 
deformation on an impression fabric, alone or in conjunction 
With other physical deformation processes, and a drying 
step, Which dries the Web to a solids content of at least about 
30% Without the need for overall physical compression. This 
type of process is conventionally referred to as a through 
air-drying process or TAD process. This process is generally 
described in US. Pat. Nos. 3,301,746, to Sanford et al. and 
3,905,863, to Ayers, Which are incorporated herein by ref 
erence. 

[0036] As an example, one conventional TAD process is 
illustrated in FIG. 2. In this process, ?bers are fed from a 
headbox (10) to a converging set of forming Wires (20,30). 
In this tWin Wire forming arrangement Water is removed 
from the Web by centrifugal forces and by vacuum means. 
The Wet nascent Web is cleanly transferred to forming Wire 
(30) via Uhle box (40). The Web can be optionally processed 
to remove Water by vacuum box (50) and steam shroud (60). 
The Web is carried along forming fabric (30) until it is 
transferred to a TAD fabric (70) at junction (80) by means 
of a vacuum pickup shoe (90). The Web is further deWatered 
at deWatering box (100) to increase Web solids. Besides 
removing Water from the Web, vacuum pickup shoe (90) and 
deWatering box (100) inundate the Web into the TAD fabric 
(70) causing bulk and absorbency characteristics. 

[0037] Further enhancements in bulk and absorbency can 
be obtained by operating the speed of the forming section 
(i.e., the speeds of forming fabrics 20 and 30) faster than the 
speed of TAD fabric (70). This is referred to as fabric 
creping. Fabric creping is de?ned mathematically as the 
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difference in speed between the former and the through-air 
dryer divided by the speed of the through-air-dryer 
expressed as a percentage. In this manner, the Web is 
inundated and Wet shaped into the fabric creating bulk and 
absorbency. The amount of fabric crepe may be from 0% to 
about 25%. Thickness created by Wet shaping is more 
effective in generating absorbency (i.e. less structural col 
lapse) than thickness created in the dry state, e.g., by 
conventional embossing. 

[0038] The Web is then carried on the TAD fabric (70) to 
a drying unit (110) Where heated air is passed through both 
the Web and the fabric to increase the solids content of the 
Web. Generally, the Web is 30 to 95% dry after exiting drying 
unit (110). In one process, the Web may be removed directly 
from the TAD fabric (70) in an uncreped process. In the 
embodiment shoWn in FIG. 2, the Web is transferred from 
the TAD fabric (70) to Yankee dryer cylinder (130) and is 
creped from the dryer cylinder (130) via creping blade (150), 
thus producing a creped product. 

[0039] With reference to FIG. 2, the creping adhesive is 
applied to the Yankee dryer surface to provide substantial 
adhesion of the Web to the creping surface. The Web is then 
creped from the surface With a creping blade (150). The 
creped Web is then optionally passed betWeen calender 
rollers (160) and rolled up on roll (170) prior to further 
converting operations, (for example, embossing). Speed of 
the reel can be faster or sloWer than the speed of the Yankee 
dryer. The level of creping is de?ned as the speed difference 
betWeen the Yankee and the reel divided by the Yankee 
speed expressed as a percentage. The action of the creping 
blade on the paper is knoWn to cause a portion of the 
inter?ber bonds Within the paper to be broken up by the 
mechanical smashing action of the blade against the Web as 
it is being driven into the blade. HoWever, fairly strong 
inter?ber bonds are formed betWeen Wood pulp ?bers during 
the drying of moisture from the Web. 

[0040] According to the present invention, an absorbent 
paper Web can be made by dispersing ?bers into aqueous 
slurry and depositing the aqueous slurry onto the forming 
Wire of a papermaking machine. Any art recogniZed forming 
scheme might be used. For example, an extensive but 
non-exhaustive, list includes a crescent former, a C-Wrap 
tWin-Wire former, an S-Wrap tWin Wire former, a suction 
breast roll former, a fourdrinier former, or any other art 
recogniZed forming con?guration. The particular forming 
apparatus is not critical to the success of the present inven 
tion. The Web can be homogenously formed or strati?ed. 
When homogenously forming a Web, the stock in the various 
headbox chambers is uniform. When forming a Web by 
strati?cation, the stock in the various headbox chambers is 
of different composition. The forming fabric can be any art 
recogniZed foraminous member including single layer fab 
rics, double layer fabrics, triple layer fabrics, photopolymer 
fabrics, and the like. Anon-exhaustive list of forming fabrics 
for use in the present invention include US. Pat. Nos. 

4,157,276; 4,605,585; 4,161,195; 3,545,705; 3,549,742; 
3,858,623; 4,041,989; 4,071,050; 4,112,982; 4,149,571; 
4,182,381; 4,184,519; 4,314,589; 4,359,069; 4,376,455; 
4,379,735; 4,453,573; 4,564,052; 4,592,395; 4,611,639; 
4,640,741; 4,709,732; 4,759,391; 4,759,976; 4,942,077; 
4,967,085; 4,998,568; 5,016,678; 5,054,525; 5,066,532; 
5,098,519; 5,103,874; 5,114,777; 5,167,261; 5,199,467; 
5,211,815; 5,219,004; 5,245,025; 5,277,761; 5,328,565; and 
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5,379,808, all of Which are incorporated herein by reference. 
The particular forming fabric is not critical to the success of 
the present invention. One forming fabric found particularly 
useful With the present invention is Voith made by Voith 
Fabric Corporation, Florence, Miss. 

[0041] The papermaking ?bers used to form the Web 
include cellulosic ?bers commonly referred to as Wood pulp 
?bers, liberated in a chemical or mechanical pulping process 
from softWood (gymnosperms or coniferous trees) and hard 
Woods (angiosperms or deciduous trees). The particular tree 
and pulping process used to liberate the tracheid are not 
critical to the success of the present invention. 

[0042] Cellulosic ?bers from diverse material origins may 
be used to form the Web of the present invention, including 
non-Woody ?bers liberated from sabai grass, rice straW, 
banana leaves, paper mulberry (i.e. bast ?ber), abaca leaves, 
pineapple leaves, esparto grass leaves, and ?bers from the 
genus hesperalae in the family agavaceae. Also recycled 
?bers and re?ned ?bers, Which may contain any of the above 
?ber sources in different percentages, can be used in the 
present invention. Other natural and synthetic ?bers such as 
cotton ?bers, Wool ?bers and bi-component ?bers can be 
used in the present invention. The particular ?ber used is not 
critical to the success of the present invention. 

[0043] Papermaking ?bers can be liberated from their 
source material by any one of the number of chemical 
pulping processes familiar to the skilled artisan including 
sulfate, sul?te, polysul?te, soda pulping, etc. Furthermore, 
papermaking ?bers can be liberated from source material by 
any one of a number of mechanical/chemical pulping pro 
cesses familiar to anyone experienced in the art including 
mechanical pulping, thermo-mechanical pulping, and 
chemi-thermo-mechanical pulping. The pulp can be 
bleached, if desired, by chemical means including the use of 
chlorine, chlorine dioxide, oxygen, etc. These pulps can also 
be bleached by a number of familiar bleaching schemes 
including alkaline peroxide and oZone bleaching. 

[0044] The slurry of ?bers may contain additional treating 
agents or additives to alter the physical properties of the 
paper product produced. These additives and agents are Well 
understood by the skilled artisan and may be used in any 
knoWn combination. Because strength and softness are 
particularly important properties for paper napkins, bath 
tissue, and paper toWels, the pulp can be mixed With strength 
adjusting agents, such as Wet strength agents, temporary Wet 
strength agents, dry strength agents and debonders/soften 
ers. 

[0045] Suitable Wet strength agents Will be readily appar 
ent to the skilled artisan. A comprehensive but non-exhaus 
tive list of useful Wet strength aids include aliphatic and 
aromatic aldehydes, urea-formaldehyde resins, melamine 
formaldehyde resins, polyamide-epichlorohydrin resins, and 
the like. Of particular utility are the polyamide-epichloro 
hydrin resins, examples of Which are sold under the trade 
names KYMENE 557LX and KYMENE 557H, by Hercules 
Incorporated of Wilmington, Del. These resins and the 
process for making them are described in Us. Pat. No. 
3,700,623 and US. Pat. No. 3,772,076, each of Which is 
incorporated herein by reference in their entirety. An exten 
sive description of polymeric-epihalohydrin resins is given 
in Chapter 2: Alkaline-Curing Polymeric Amine-Epichloro 
hydrin Resins by Espy in Wet-Strength Resins and Their 
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Application (L. Chan, Editor, 1994), herein incorporated by 
reference in its entirety. Anon-exhaustive list of Wet strength 
resins is described by Wesffelt in Cellulose Chemistry and 
Technology, Volume 13, p. 813, 1979, Which is incorporated 
herein by reference. According to one embodiment, the pulp 
may contain up to about 30 lbs/ton of Wet strength agent. 
According to another embodiment of the invention, the pulp 
may contain from about 20 to about 30 lbs/ton of a Wet 
strength agent. 

[0046] Suitable temporary Wet strength agents Will be 
readily apparent to the skilled artisan. A comprehensive but 
non-exhaustive list of useful temporary Wet strength agents 
includes aliphatic and aromatic aldehydes including glyoxal, 
malonic dialdehyde, succinic dialdehyde, glutaraldehyde 
and dialdehyde starches, as Well as substituted or reacted 
starches, disaccharides, polysaccharides, chitosan, or other 
reacted polymeric reaction products of monomers or poly 
mers having aldehyde groups, and optionally, nitrogen 
groups. Representative nitrogen containing polymers, Which 
can suitably be reacted With the aldehyde containing mono 
mers or polymers, includes vinyl-amides, acrylamides and 
related nitrogen containing polymers. These polymers can 
impart a positive charge to the aldehyde containing reaction 
product. In addition, other commercially available tempo 
rary Wet strength agents, such as, PAREZ 745, manufactured 
by Cytec can be used, along With those disclosed, for 
example in US. Pat. No. 4,605,702. 

[0047] The temporary Wet strength resin may be any one 
of a variety of Water-soluble organic polymers comprising 
aldehydic units and cationic units used to increase dry and 
Wet tensile strength of a paper product. Such resins are 
described in US. Pat. Nos. 4,675,394; 5,240,562; 5,138, 
002; 5,085,736; 4,981,557; 5,008,344; 4,603,176; 4,983, 
748; 4,866,151; 4,804,769 and 5,217,576. Modi?ed starches 
sold under the trademarks CO-BOND® 1000 and CO 
BOND® 1000 Plus, by National Starch and Chemical 
Company of BridgeWater, N.J. may be used. Prior to use, the 
cationic aldehydic Water soluble polymer can be prepared by 
preheating an aqueous slurry of approximately 5% solids 
maintained at a temperature of approximately 240 degrees 
Fahrenheit and a pH of about 2.7 for approximately 3.5 
minutes. Finally, the slurry can be quenched and diluted by 
adding Water to produce a mixture of approximately 1.0% 
solids at less than about 130 degrees Fahrenheit. 

[0048] Other temporary Wet strength agents, also available 
from National Starch and Chemical Company are sold under 
the trademarks CO-BOND® 1600 and CO-BOND® 2300. 
These starches are supplied as aqueous colloidal dispersions 
and do not require preheating prior to use. 

[0049] Temporary Wet strength agents such as glyoxylated 
polyacrylamide can be used. Temporary Wet strength agents 
such as glyoxylated polyacrylamide resins are produced by 
reacting acrylamide With diallyl dimethyl ammonium chlo 
ride (DADMAC) to produce a cationic polyacrylamide 
copolymer Which is ultimately reacted With glyoxal to 
produce a cationic cross-linking temporary or semi-perma 
nent Wet strength resin, glyoxylated polyacrylamide. These 
materials are generally described in US. Pat. No. 3,556,932 
to Coscia et al. and US. Pat. No. 3,556,933 to Williams et 
al., both of Which are incorporated herein by reference. 
Resins of this type are commercially available under the 
trade name of PAREZ 631NC, by Cytec Industries. Different 
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mole ratios of acrylamide/DADMAC/glyoxal can be used to 
produce cross-linking resins, Which are useful as Wet 
strength agents. Furthermore, other dialdehydes can be 
substituted for glyoxal to produce Wet strength characteris 
tics. 

[0050] According to one embodiment, the pulp may con 
tain up to about 30 lbs/ton of a temporary Wet strength agent. 
According to another embodiment, the pulp may contain 
from about 0 to about 10 lbs/ton of a temporary Wet strength 
agent. 

[0051] Suitable dry strength agents Will be readily appar 
ent to one skilled in the art. A comprehensive but non 
exhaustive list of useful dry strength agents include starch, 
guar gum, polyacrylamides, carboxymethyl cellulose and 
the like. Of particular utility is carboxymethyl cellulose, an 
example of Which is sold under the trade name Hercules 
CMC, by Hercules Incorporated of Wilmington, Del. 
According to one embodiment, the pulp may contain from 
about 0 to about 15 lb/ton of dry strength agent. According 
to another embodiment, the pulp may contain from about 1 
to about 5 lbs/ton of dry strength agent. 

[0052] Suitable debonders and softeners Will also be 
readily apparent to the skilled artisan. These debonders and 
softeners may be incorporated into the pulp or sprayed upon 
the Web after its formation. According to one embodiment of 
the invention, softening and debonding agents are added in 
an amount of not greater than about 2.0%, by Weight. 
According to another embodiment, softening and debonding 
agents are added in an amount not greater than about 1.0%. 
According to yet another embodiment, the softening and 
debonding agents are added in an amount betWeen about 0% 
and about 0.4%, by Weight. 

[0053] One preferred softener material is an amido amine 
salt derived from partially acid neutraliZed amines. Such 
materials are disclosed in US. Pat. No. 4,720,383. Also 
relevant are the folloWing articles: Evans, Chemistry and 
Industry, 5 Jul. 1969, pp. 893-903; Egan, J. Am. Oil Chem 
ist’s Soc., Vol. 55 (1978), pp. 118-121; and Trivedi et al., J. 
Am. Oil Chemist’s Soc., June 1981, pp. 754-756. All of the 
above articles are herein incorporated by reference. 

[0054] Softeners are often available commercially as com 
plex mixtures rather than as single compounds. While this 
discussion Will focus on the predominant species, it should 
be understood that commercially available mixtures could 
generally be used. 

[0055] QUASOFT 202 is a suitable softener material, 
Which may be derived by alkylating a condensation product 
of oleic acid and diethylenetriamine. Synthesis conditions 
using a de?ciency of alkylation agent (e.g., diethyl sulfate) 
and only one alkylating step, folloWed by pH adjustment to 
protonate the non-ethylated species, result in a mixture 
consisting of cationic ethylated and cationic non-ethylated 
species. The selection of appropriate system pH(s) for the 
use of these compounds Will be readily apparent to the 
skilled artisan. 

[0056] Quaternary ammonium compounds, such as 
dialkyl dimethyl quaternary ammonium salts are also suit 
able particularly When the alkyl groups contain from about 
14 to 20 carbon atoms. These compounds have the advan 
tage of being relatively insensitive to pH. 
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[0057] The present invention can also be used With a class 
of cationic softeners comprising imidaZolines Which have a 
melting point of about 0° to about 40° C. When formulated 
With aliphatic polyols, aliphatic diols, alkoXylated aliphatic 
diols, alkoXylated aliphatic polyols, alkoXylated fatty acids, 
or a mixture of these compounds. The softener comprising 
an imidaZoline moiety formulated With aliphatic polyols, 
aliphatic diols, alkoXylated aliphatic diols, alkoXylated ali 
phatic polyols, alkoXylated fatty acids, or a mixture of these 
compounds is dispersible in Water at a temperature of about 
1° C. to about 40° C. 

[0058] The imidaZolinium moiety has the folloWing 
chemical structure; 

0 ,—\ 

i (9 X N N 

R NH Y \Rl 
R 

[0059] and, the imidaZoline has the folloWing structure: 

0 X_ 

N N 

R NH/\/®Y 
R 

[0060] Wherein X“ is an anion and R is chosen from 
saturated and unsaturated paraffinic moieties having 
a carbon chain length of C12 to C20. According to one 
embodiment, the carbon chain length is C16-C20. R1 
is chosen from paraf?nic moieties having a carbon 
chain length of C1-C3. Suitably the anion can be 
methyl sulfate, ethyl sulfate, or chloride. 

[0061] The organic compound component of the softener, 
other than the imidaZolinium and imidaZoline species, can 
be chosen from aliphatic diols, alkoXylated aliphatic diols, 
aliphatic polyols, alkoXylated aliphatic polyols, alkoXylated 
fatty acids, esters of polyethylene oXides, or a miXture of 
these compounds having a Weight average molecular Weight 
of about 60 to about 1500. According to one embodiment of 
the invention, the cold-Water dispersed aliphatic diols can 
have a molecular Weight of about 90 to about 150. Accord 
ing to another embodiment of the invention, the cold Water 
dispersed aliphatic diols can have a molecular Weight of 
about 106 to about 150. Suitable diols for use according to 
one embodiment of the invention are chosen from one or 

more of 2,2,4-trimethyl 1,3-pentane diol (TMPD) and 
ethoXylated 2,2,4-trimethyl 1,3-pentane diol (TMPD/E0). 
Suitably, the alkoXylated diol is TMPD (EO)n Wherein n is 
an integer from 1 to 7, inclusive. Dispersants for the imi 
daZolinium and imidaZoline species are alkoXylated ali 
phatic diols and alkoXylated polyols. Since it is hard to 
obtain pure alkoXylated diols and alkoXylated polyols, miX 
tures of diols, polyols, and alkoXylated diols, and alkoXy 
lated polyols, and miXtures of only diols and polyols can be 
suitably utiliZed. A suitable imidaZolinium based softener is 
sold by Hercules, under the trade name Hercules TQ230. 
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[0062] Biodegradable softeners can also be utiliZed. Rep 
resentative biodegradable cationic softeners/debonders are 
disclosed in US. Pat. Nos. 5,312,522; 5,415,737; 5,262,007; 
5,264,082; and 5,223,096, herein incorporated by reference. 
These compounds are biodegradable diesters of quaternary 
ammonium compounds, quaterniZed amine-esters, biode 
gradable vegetable oil based esters functional With quater 
nary ammonium chloride and diester dierucyldimethyl 
ammonium chloride and are representative biodegradable 
softeners. 

[0063] Suitable additives, such as particulate ?llers Will be 
readily apparent to one skilled in the art. A comprehensive, 
but non-exhaustive, list of useful additives, such as particu 
late ?llers include clay, calcium carbonate, titanium dioXide, 
talc, aluminium silicate, calcium silicate, calcium sulfate, 
and the like. 

[0064] Suitable retention aids Will be readily apparent to 
one skilled in the art. Acomprehensive, but non-exhaustive, 
list of useful retention aids includes anionic and cationic 
?occulants. 

[0065] Alternatively, instead of being incorporated into 
the pulp, these treating agents can be applied to the Web. 
This may be accomplished through one or more applicator 
systems and can be to either one or both surfaces of the Web. 
Application of multiple treating agents using multiple appli 
cation systems helps to prevent chemical interaction of 
treating materials prior to their application to the cellulose 
Web. Alternative con?gurations and application positions 
Will be readily apparent to the skilled artisan. 

[0066] Other additives that may be present in the ?brous 
slurry include siZing agents, absorbency aids, opaci?ers, 
brightners, optical Whiteners, barrier chemistries, lotions, 
dyes, or colorants. 

[0067] After deposition of the ?brous slurry onto the 
forming Wire, the thus-formed Wet ?brous Web is transferred 
onto a deWatering felt or an impression fabric, Which can 
create a pattern in the Web, if desired. Any art-recogniZed 
fabrics or felts can be used With the present invention. For 
eXample, a non-exhaustive list of impression fabrics 
includes plain Weave fabrics described in US. Pat. No. 
3,301,746; semi-tWill fabrics described in US. Pat. Nos. 
3,974,025 and 3,905,863; bilaterally-staggered-Wicker-bas 
ket-cavity type fabrics described in US. Pat. Nos. 4,239,065 
and 4,191,609; sculptured/load bearing layer type fabrics 
described in US. Pat. No. 5,429,686; photopolymer fabrics 
described in US. Pat. Nos. 4,529,480; 4,637,859; 4,514, 
345; 4,528,339; 5,364,504; 5,334,289; 5,275,799; and 
5,260,171; and fabrics containing diagonal pockets 
described in US. Pat. No. 5,456,293. The aforementioned 
patents are incorporated herein by reference. 

[0068] Any art-recogniZed-felt can be used With the 
present invention. For eXample, felts can have double-layer 
base Weaves, triple-layer base Weaves, or laminated base 
Weaves. One press-felt for use With the present invention is 
AMFleX 3, made by Voith Fabric Corportation. A non 
eXhaustive list of press felts for use in the present invention 
includes US. Pat. Nos. 5,657,797; 5,368,696; 4,973,512; 
5,023,132; 5,225,269; 5,182,164; 5,372,876; and 5,618,612, 
all of Which are incorporated herein by reference. 

[0069] After transfer, the Web, at some point, is passed 
through the dryer section, Which causes substantial drying of 
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the Web. As described above, the Web can be dried using 
conventional Wet-pressing techniques, or may be produced 
using through-air-drying If produced using TAD, the 
Web may be pressed to the surface of a rotating Yankee dryer 
cylinder to remove additional moisture Within the Web. 
Other suitable processes include Wet creping or through-air 
drying With Wet creping. Any type of creping blade may be 
used, including, but not limited to steel blades; ceramic 
blades; biaxially undulatory blades, as described, for 
example, in US. Pat. Nos. 5,685,954, 5,885,417, and 5,908, 
533; and the creping blades as described in Us. Pat. No. 
6,066,234, each of Which is incorporated herein by refer 
ence. 

[0070] Creping adhesives of the present invention com 
prise a creping modi?er and may comprise a thermosetting 
or non-thermosetting resin, a ?lm-forming semi-crystalline 
polymer and an inorganic cross-linking agent. Optionally, 
the creping adhesive of the present invention may also 
include any art-recogniZed components, including, but not 
limited to, organic cross-linkers, hydrocarbons oils, surfac 
tants, or plasticiZers. 

[0071] Creping modi?ers for use according to the present 
invention comprise any art-recogniZed quaternary ammo 
nium complex comprising at least one non-cyclic amide. 
The quaternary ammonium compound may also contain one 
or several nitrogen atoms (or other atoms) that are capable 
of reacting With alkylating or quaterniZing agents. These 
alkylating or quaterniZing agents may contain Zero, one, 
tWo, three or four non-cyclic amide containing groups. A 
non-cyclic amide containing group is represented by the 
folloWing formula structure: 

0 

[0072] Where R7 and R8 are non-cyclic molecular chains of 
organic atoms or organic and inorganic atoms. 

[0073] Creping modi?ers according to the present inven 
tion comprise any quaternary ammonium complex compris 
ing at least one non-cyclic amide, Which can interact With 
the creping adhesive to improve the adhesive, e.g., reduce 
the brittleness of the polymer. Creping modi?ers for the 
present invention can include one or more non-cyclic bis 
amide quaternary ammonium complexes. Non-cyclic bis 
amide quaternary ammonium complexes according to the 
present invention can be of the formula: 

[0074] Where R1 and R2 can be long chain non-cyclic 
saturated or unsaturated aliphatic groups; R3 and R4 can be 
long chain non-cyclic saturated or unsaturated aliphatic 
groups, a hydroxide, an alkoxylated fatty acid, an alkoxy 
lated fatty alcohol, a polyethylene oxide group, or an organic 
alcohol group; and R5 and R6 can be long chain non-cyclic 
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saturated or unsaturated aliphatic groups. According to one 
embodiment, the modi?er is present in the creping adhesive 
according to the present invention in an amount of from 
about 0.05% to about 50%. According to another embodi 
ment, the modi?er is present in the creping adhesive in an 
amount of from about 0.25% to about 20%. According to yet 
another embodiment, the modi?er is present in the creping 
adhesive in an amount of from about 1% to about 18% based 
on the total solids of the creping adhesive composition. 

[0075] Creping modi?ers for use according to the present 
invention include those obtainable from Goldschmidt Cor 
poration of Essen/Germany or Process Application Corpo 
ration based in Washington Crossing, Pa. Appropriate cre 
ping modi?ers from Goldschmidt Corporation include, but 
are not limited to, VARISOFT® 222LM, VARISOFT® 222, 
VARISOFT® 110, VARISOFT® 222LT, VARISOFT® 110 
DEG, and VARISOFT® 238. Appropriate creping modi?ers 
from Process Application Corporation include, but are not 
limited to, PALSOFT 580 or PALSOFT 580C. 

[0076] Other creping modi?ers for use in the present 
invention include, but are not limited to, those compounds as 
described in WO/01/85109, Which is incorporated herein by 
reference in its entirety. 

[0077] Creping adhesives for use according to the present 
invention include any art-recogniZed thermosetting or non 
thermosetting resin. Resins according to one embodiment of 
the present invention are chosen from thermosetting and 
non-thermosetting polyamide resins or glyoxylated poly 
acrylamide resins. Polyamides for use in the present inven 
tion can be branched or unbranched, saturated or unsatur 
ated. 

[0078] Polyamide resins for use in the present invention 
may include polyaminamide-epichlorohydrin (PAE) resins. 
PAE resins are described, for example, in “Wet-Strength 
Resins and Their Applications,” Ch. 2, H. Epsy entitled 
Alkaline-Curing Polymeric Amine-Epichlorohydrin Resins, 
Which is incorporated herein by reference in its entirety. PAE 
resins for use according to the present invention include, but 
are not limited to, a Water-soluble polymeric reaction prod 
uct of an epihalohydrin, preferably epichlorohydrin, and a 
Water-soluble polyaminamide having secondary amine 
groups derived from a polyalkylene polyamine and a satu 
rated aliphatic dibasic carboxylic acid containing from about 
3 to about 10 carbon atoms. 

[0079] Anon-exhaustive list of non-thermosetting cationic 
polyamide resins for use in the present invention can be 
found in US. Pat. No. 5,338,807, issued to Espy et al. and 
incorporated herein by reference. The non-thermosetting 
resin may be synthesiZed by directly reacting the polyamides 
of a dicarboxylic acid and methyl bis(3-aminopropyl)amine 
in an aqueous solution, With epichlorohydrin. The carboxy 
lic acids can include saturated and unsaturated dicarboxylic 
acids having from about 2 to 12 carbon atoms, including for 
example, oxalic, malonic, succinic, glutaric, adipic, pilemic, 
suberic, aZelaic, sebacic, maleic, itaconic, phthalic, and 
terephthalic acids. According to one embodiment of the 
invention, the acid is chosen from one or more of adipic and 
glutaric acids. The esters of the aliphatic dicarboxylic acids 
and aromatic dicarboxylic acids, such as the phathalic acid, 
may be used, as Well as combinations of such dicarboxylic 
acids or esters. 
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[0080] In an alternative embodiment, thermosetting 
polyaminamide resins for use in the present invention may 
be made from the reaction product of an epihalohydrin resin 
and a polyaminamide containing secondary amine or tertiary 
amines. In the preparation of a resin according to this 
embodiment of the invention, a dibasic carboXylic acid is 
?rst reacted With the polyalkylene polyamine, optionally in 
aqueous solution, under conditions suitable to produce a 
Water-soluble polyaminamide. The preparation of the resin 
is completed by reacting the Water-soluble amide With an 
epihalohydrin, particularly epichlorohydrin, to form the 
Water-soluble thermosetting resin. 
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[0081] The method of preparation of Water soluble, ther 
mosetting polyaminamide-epihalohydrin resin is described 
in US. Pat. Nos. 2,926,116; 3,058,873; and 3,772,076 
issued to Kiem, all of Which are incorporated herein by 
reference in their entirety. 

[0082] According to one embodiment of the present inven 
tion, the polyaminamide resin is based on DETA instead of 
a generaliZed polyamine. TWo eXamples of structures of 
such a polyaminamide resin are given beloW. 

[0083] Structure 1 shoWs tWo types of end groups: a 
di-acid and a mono-acid based group: 
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[0084] Structure 2 shoWs a polymer With one end-group 
based on a di-acid group and the other end-group based on 
a nitrogen containing group: 
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[0085] Note that although both structures are based on 
DETA, other polyamines may be used to form this polymer, 
including those, Which may have tertiary amide side chains. 

[0086] The polyaminamide resin has a viscosity of from 
about 80 to about 800 centipoise and a total solids of from 
about 5% to about 40%. According to one embodiment, the 
polyaminamide resin is present in the creping adhesive 
according to the present invention in an amount of from 
about 0% to about 99.5%. According to another embodi 
ment, the polyaminamide resin is present in the creping 
adhesive in an amount of from about 20% to about 80%. In 
yet another embodiment, the polyaminamide resin is present 
in the creping adhesive in an amount of from about 40% to 
about 60% based on the total solids of the creping adhesive 
composition. 
[0087] Polyaminamide resins for use according to the 
present invention can be obtained from Ondeo-Nalco Cor 
poration, based in Naperville, Ill., and Hercules Corporation, 
based in Wilmington, Del. Creping adhesive resins for use 
according to the present invention from Ondeo-Nalco Cor 
poration include, but are not limited to, CREPECCEL® 
675NT, CREPECCEL® 675P and CREPECCEL® 690HA. 
Appropriate creping adhesive resins available from Hercules 
Corporation include, but are not limited to, HERCULES 
82-176, Unisoft 805 and CREPETROL A-6115. 

[0088] Other polyaminamide resins for use according to 
the present invention include, for example, those described 
in U.S. Pat. Nos. 5,961,782 and 6,133,405, both of Which are 
incorporated herein by reference. 

[0089] The creping adhesive according to the present 
invention may also comprise a ?lm-forming semi-crystalline 
polymer. Film-forming semi-crystalline polymers for use in 
the present invention can be chosen from, for example, 
hemicellulose, carboxymethyl cellulose, and polyvinyl alco 
hol (PVOH). Polyvinyl alcohols according to the present 
invention can have an average molecular Weight of about 
13,000 to about 124,000 daltons. According to one embodi 
ment of the present invention polyvinyl alcohols have a 
degree of hydrolysis of from about 80% to about 99.9%. 
According to another embodiment, polyvinyl alcohols have 
a degree of hydrolysis of from about 85% to about 95%. In 
yet another embodiment, polyvinyl alcohols have a degree 
of hydrolysis of from about 86% to about 90%. Also, 
according to one embodiment, polyvinyl alcohols according 
to the present invention may have a viscosity, measured at 
20 degree centigrade using a 4% aqueous solution, of from 
about 2 to about 100 centipoise. According to another 
embodiment, polyvinyl alcohols have a viscosity of from 
about 10 to about 70 centipoise. In yet another embodiment, 
polyvinyl alcohols have a viscosity of from about 20 to 
about 50 centipoise. 

[0090] According to one embodiment, the polyvinyl alco 
hol is present in the creping adhesive in an amount of from 
about 0% to about 99.5%. According to another embodi 
ment, the polyvinyl alcohol is present in the creping adhe 
sive in an amount of from about 20% to about 80%. In yet 
another embodiment, the polyvinyl alcohol is present in the 
creping adhesive in an amount of from about 40% to about 
60%, by Weight, based on the total solids of the creping 
adhesive composition. 

[0091] Polyvinyl alcohols for use according to the present 
invention include those obtainable from Monsanto Chemical 
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C0. and Celanse Chemical. Appropriate polyvinyl alcohols 
from Monsanto Chemical Co. include Gelvatols, including, 
but not limited to, GELVATOL 1-90, GELVATOL 3-60, 
GELVATOL 20-30, GELVATOL 1-30, GELVATOL 20-90, 
and GELVATOL 20-60. Regarding the Gelvatols, the ?rst 
number indicates the percentage residual polyvinyl acetate 
and the next series of digits When multiplied by 1,000 gives 
the number corresponding to the average molecular Weight. 

[0092] Celanese Chemical polyvinyl alcohol products for 
use according to the present invention (previously named 
Airvol products from Air Products until October 2000) are 
listed beloW: 

% Viscosity, Volatiles, % Ash, % 
Grade Hydrolysis, cps1 pH2 Max. Max.3 

Super 
Hydrolyzed 

Celvol 125 99.3+ 28-32 5.5-7.5 5 1.2 
Celvol 165 99.3+ 62-72 5.5-7.5 5 1.2 
Fully 
Hydrolyzed 

Celvol 103 98.0-98.8 3.5-4.5 5.0-7.0 5 1.2 
Celvol 305 98.0-98.8 4.5-5.5 5.0-7.0 5 1.2 
Celvol 107 98.0-98.8 5.5-6.6 5.0-7.0 5 1.2 
Celvol 310 98.0-98.8 9.0—11.0 5.0-7.0 5 1.2 
Celvol 325 980-988 28.0-32.0 5.0-7.0 5 1.2 
Celvol 350 980-988 62-72 5.0-7.0 5 1.2 
Intermediate 
Hydrolyzed 

Celvol 418 91.0-93.0 14.5-19.5 4.5-7.0 5 0.9 
Celvol 425 95.5-96.5 27-31 4.5-6.5 5 0.9 
Partially 
Hydrolyzed 

Celvol 502 87.0-89.0 3.0-3.7 4.5-6.5 5 0.9 
Celvol 203 870-890 3.5-4.5 4.5-6.5 5 0.9 
Celvol 205 870-890 5.2-6.2 4.5-6.5 5 0.7 
Celvol 513 86.0-89.0 13-15 4.5-6.5 5 0.7 
Celvol 523 870-890 23-27 4.0-6.0 5 0.5 
Celvol 540 870-890 45-55 4.0-6.0 5 0.5 

14% aqueous solution, 20 degrees centigrade. 
24% aqueous solution. 
3As % Na2O, corrected volatiles. 

[0093] The creping adhesive according to the present 
invention may also comprise one or more inorganic cross 
linking salts or agents. A non-exhaustive list of multivalent 
metal ions includes calcium, barium, titanium, chromium, 
manganese, iron, cobalt, nickel, Zinc, molybdenium, tin, 
antimony, niobium, vanadium, tungsten, selenium, and Zir 
conium. Mixtures of metal ions can be used. Anions appro 
priate for use in the present invention include, but are not 
limited to, acetate, formate, hydroxide, carbonate, chloride, 
bromide, iodide, sulfate, tartrate, and phosphate. According 
to one embodiment of the present invention, the inorganic 
cross-linking salt may be a Zirconium salt. The Zirconium 
salt for use according to one embodiment of the present 
invention can be chosen from one or more Zirconium 

compounds having a valence of plus four, such as ammo 
nium Zirconium carbonate, Zirconium acetylacetonate, Zir 
conium acetate, Zirconium carbonate, Zirconium sulfate, 
Zirconium phosphate, potassium Zirconium carbonate, Zir 
conium sodium phosphate, and sodium Zirconium tartrate. 



US 2005/0006040 A1 

Appropriate Zirconium compounds include, for example, 
those described in US. Pat. No. 6,207,011, Which is incor 
porated herein by reference. 

[0094] According to one embodiment of the present inven 
tion, the inorganic cross-linking salt can be present in the 
creping adhesive in an amount of from about 0% to about 
30%. In another embodiment, the inorganic cross-linking 
agent can be present in the creping adhesive in an amount of 
from about 1% to about 20%. In yet another embodiment, 
the inorganic cross-linking salt can be present in the creping 
adhesive in an amount of from about 1% to about 10% by 
Weight based on the total solids of the creping adhesive 
composition. Zirconium compounds for use according to the 
present invention include those obtainable from EKA 
Chemicals Co. (previously Hopton Industries) and Magne 
sium Elektron, Inc. Appropriate commercial Zirconium com 
pounds from EKA Chemicals Co. are AZCOTE 5800M and 
KZCOTE 5000 and from Magnesium Elektron, Inc. are 
AZC or KZC. 

[0095] Optionally, the creping adhesive according to the 
present invention can include any other art recogniZed 
components, including, but not limited to, organic hydro 
carbon oils, surfactants, humectants, plasticiZers, or other 
surface treatment agents. An extensive, but non-exhaustive, 
list of organic cross-linkers includes glyoxal, maleic anhy 
dride, bismaleimide, bis acrylamide, and epihalohydrin. The 
organic cross-linkers can be cyclic or non-cyclic com 
pounds. PlasticiZers for use in the present invention can 
include propylene glycol, diethylene glycol, triethylene gly 
col, dipropylene glycol, and glycerol. 

[0096] The creping adhesive according to the present 
invention may be applied as a single composition or may be 
applied in its component parts. More particularly, the polya 
mide resin may be applied separately from the polyvinyl 
alcohol (PVOH) and the modi?er. In one embodiment 
according to the present invention, the polyamide resin, the 
polyvinyl alcohol, and the modi?er are applied as a single 
composition alloWing the modi?er to more fully mix With 
the remainder of the creping adhesive. Not Wishing to be 
bound by theory, the more Well mixed the modi?er With the 
remainder of the creping adhesive, the more uniform the 
effect of the modi?er and the better the creping is expected 
to be. 

EXAMPLES 

Examples 1 

[0097] A nascent Web Was formed on a tWin-Wire former 
from a 100% long ?ber furnish. The furnish Was strati?ed 
into three equal component streams. The outside layers 
contained 100% long ?ber re?ned to a Canadian Standard 
Freeness (CS F) of about 550 ml. The inside layer contained 
100% long ?ber furnish re?ned to 450 CSF. The Water to the 
head box Was split equally among the strati?ed layers. The 
Water rate Was about 208 gallons/minute/inch of headbox 
Width. KYMENE SLX Wet strength resin Was added at the 
machine chest stock pumps at the rate of about 23.4 lbs/ton, 
While CMC-7MT Was added doWnstream of the machine 
chest, but before the fan pumps. CMC-7MT Was added at a 
rate of about 3 lbs/ton. 

[0098] The nascent Web Was conditioned With vacuum 
boxes and a steam shroud on the tWin-Wire former until it 
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reached a nominal solids content of about 23.5%. The 
nascent Web Was transferred With vacuum assistance to a 

through-air drying fabric. The Wet-end fabric creping level, 
i.e., the speed differential betWeen the Wet-end and the TAD 
section, expressed as a percentage of the TAD speed, Was 
about 20%. The TAD fabric Was conditioned using shoWers 
and release materials. The Web Was further deWatered on the 
TAD fabric With a vacuum box until a solids content of about 
26% Was achieved. The Web Was then dried With a through 
air dryer to a solids content of about 86%. 

[0099] The Web Was pattern pressed to the Yankee dryer at 
a pressure of 229 pounds per linear inch (pli). The Yankee 
dryer Was conditioned With a creping adhesive containing 
about 39.4% polyvinyl alcohol, about 59.1% PAE, and about 
1.5% of the creping modi?er according to the present 
invention. The polyvinyl alcohol used Was a loW molecular 
Weight (87-89% hydrolyZed) polyvinyl alcohol obtained 
from Air Products under the trade name AIRVOL 523. The 
PAE used Was a 16% aqueous solution of a non-thermoset 
ting polyaminamide copolymer of adipic acid crosslinked 
With epichlorohydrin and diethylenetriamine obtained from 
Ondeo-Nalco under the trade name NALCO 690HA. The 
creping modi?er Was a 47% 2-hydroxyethyl di-(2-alkylami 
doethyl) methyl ammonium methyl sulfate and other non 
cyclic alkyl and alkoxy amides and diamides containing a 
mixture of stearic, oleic, and linolenic alkyl groups obtained 
from Process Applications, Ltd., under the trade name 
PALSOFT 580C. 

[0100] The creping adhesive Was applied in an amount of 
0.040 g/m2. After the Web Was transferred to the Yankee 
dryer, it Was dried to a solids content of about 97% using 
steam pressure and high velocity air hoods. The Web Was 
creped using a doctor blade and Wrapped to a reel. The line 
load at the creping doctor and cleaning doctor Was 50 pli. 
The creping impact angle, i.e., the angle from a tangent to 
the Yankee dryer to the face of the blade Was 95 degrees for 
the creping blade and 65 degrees for the cleaning blade. The 
reel speed Was about 3273 feet per minute (fpm). The 
dry-end draW, i.e., the speed differential betWeen the Yankee 
and the reel, expressed as a percentage of the Yankee speed, 
Was about —3%. 

[0101] The physical properties of the base paper are given 
in Table 1, beloW. Runnability aspects are noted in Table 2, 
beloW. 

Comparative Example 2 

[0102] Example 2 Was carried in accordance With 
Example 1 above, except that the Yankee dryer Was condi 
tioned With a creping adhesive Which did not include a 
modi?er. The creping adhesive contained 93% polyvinyl 
alcohol and 7% of a potassium polyphosphate. The polyvi 
nyl alcohol used Was in accordance With Example 1. The 
potassium polyphosphate Was a 34% solution of potassium 
polyphosphate obtained from Albright and Wilson, UK, 
Ltd., under the tradename KALIPOL 18. 

TABLE 1 

ATTRIBUTES Example 1 Example 2 

Caliper — 1 ply, mils 18.1 17.7 
Conditional Basis Weight, 13.8 13.8 
lb/ream 
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TABLE l-continued 

ATTRIBUTES Example 1 Example 2 

DRY TENSILE STRENGTH 

MDT, g/3" 2585.4 2507.6 
MD Stretch, % 28.1 27.2 
CDT, g/3" 2134.4 2170.9 
CD, Stretch, % 10.7 10.4 
GMDT, g/3" 2349.1 2333.2 
WET TENSILE STRENGTH 

MWDT, g/3" 877.9 838.2 
CWDT, g/3" 681.9 686.6 
GMWT, g/3" 773.7 758.6 
Absorbency, gW/gf 14.3 14.3 

[0103] 

TABLE 2 

Runnability Attributes Example 1 Example 2 

Breaks per hour 0 4.3 
Creping blade changes 0 0.86 
per hour 
Cleaning blade changes 0.56 0.86 
per hour 

[0104] It is apparent that the inventive adhesive provides 
equivalent sheet properties with improved runnability. The 
number of breaks for the comparative adhesive of the prior 
art was 10 breaks in a 2.33 hour run, i.e., 4.3 breaks per hour. 
The creping/cleaning blade had to be changed 0.86 times per 
hour, or twice each, during the 2.33 hour run. 

[0105] With the adhesive of the present invention, the 
number of breaks was reduced to 0 for a 1.77 hour run time. 

The blade changes were reduced to a single change of the 
cleaning blade during the 1.77 hour run. Further, the Yankee 
dryer was observed to be cleaner and more ef?cient during 
operation when using the creping adhesive and modi?er 
according to the present invention. 
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Examples 3-8 
[0106] A nascent web was formed on a crescent former 
using a conventional wet press process. The ?ber furnish 
was 70% US. southern hardwood and 30% US. southern 
softwood. The furnish was used in an unre?ned state. Four 
lbs/ton of temporary wet strength resins were added to the 
suction side of the machine chest stock pump. The pH at the 
wet end was between about 5.75 and about 6.0. The Yankee 
speed was held constant for all runs. 

[0107] The creping adhesive in Examples 3-6 included 
PVOH obtained from Air Products, under the trade name 
AIRVOL 523; a non-thermosetting PAE resin obtained from 
Ondeo-Nalco, under the trade name NALCO 690HA; and a 
modi?er obtained from Process Applications, Ltd., under the 
trade name PALSOFT 580C. 

[0108] Example 7 used the same PVOH and PAE resin as 
used in Examples 3-6 above; however, the modi?er was a 
90% bis (oleylamidoethyl) 2-hydroxyethyl ammonium 
methyl sulfate/10% isopropanol obtained from Gold 
schmidt, under the tradename VARISOFT 222LT. 

[0109] Example 8 used the same PVOH and modi?er as 
Example 7 but substituted a PAE resin obtained from 
Hercules Corp., under the trade name HERCULES 82-176. 

[0110] The creping adhesive chemistry was applied in an 
amount of 1.5 lbs/ton. The creping blade angle was 15°. The 
reel crepe was 23%. The reel moisture was between about 
1.8 and about 3.0. The basis weight of the base sheet was 
11.5 lbs/ream (3000 ftz). 

Comparative Examples 9-13 
[0111] Examples 9-13 were carried out in accordance with 
Examples 3-8 above, but using an adhesive of US. Pat. No. 
5,853,539. This adhesive includes PVOH and PAE resin as 
used in Examples 3-8 above. The modi?er used was an 
imidaZoline-based quat, which included a mixture of cat 
ionic imadaZolinium species, and other cyclic amine quats 
and salts. This modi?er was obtained from Chemtreat Inc., 
based in Richmond, Va., under the trade name 
CHEMTREAT CR-208. 

[0112] Table 3 provides various properties for Examples 
3-8 and Comparative Examples 9-13. 

TABLE 3 

Average 
Average Caliper Caliper Average 

PVOH PAE Modi?er GMT GMT mils/ mils/ Poro?l Poro?l 

lb/T lb/T lb/T g/3" g/3" 8 shts 8 shts g/g g/g 

Example 

3 0.7 0.7 0.1 300 39.6 9.09 

4 0.6 0.6 0.3 363 38.8 8.18 

5 0.5 0.5 0.5 394 37.6 8.53 

6 1 1 1 413 368 35.3 37.8 8.52 8.58 

7 0.5 0.5 0.5 468 37.4 8.85 

8 0.4 0.4 0.7 378 423 37.1 37.3 8.99 8.92 

Comparative 

9 0.7 0.7 0.1 490 36.1 7.80 

10 0.6 0.6 0.3 469 36.4 7.99 

11 0.5 0.5 0.5 501 35.4 8.10 
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TABLE 3-continued 

Average 
Average Caliper Caliper Average 

PVOH PAE Modi?er GMT GMT mils/ mils/ Poro?l Poro?l 
lb/T lb/T lb/T g/3" g/3" 8 shts 8 shts g/g g/g 

12 0.4 0.4 0.7 554 34.2 8.12 
13 1.2 1.2 0.6 430 489 35.7 35.6 8.22 8.05 

[0113] The sheet creped using the adhesive according to 
the present invention exhibited lower geometric mean ten 
sile strength, increased caliper, and enhanced Poro?l values. 
The Poro?l test method is provided in US. Pat. No. 5,494, 
554, which is incorporated herein by reference in its entirety. 
Poro?l is measured using a non-polar liquid having a density 
of 1.875 g/cm3. Void volume is expressed as grams of 
Poro?l per gram of ?ber and is calculated as void volume= 
(wet weight-dry weight)/dry weight. Further, use of the 
adhesive according to the present invention resulted in 
well-creped base sheets within the strength range for com 
mercial tissue without the need for wet-end debonders. 

Examples 14-16 

[0114] A nascent web was formed by the process of US. 
Pat. No. 6,207,011, which is herein incorporated by refer 
ence. The furnish had a CSF of 500120 ml. The sheet was 
creped from the Yankee dryer with a creping blade angle of 
15°. The sheet temperature, as measured at the creping blade 
with an IR Gun, was in the range of between about 216° and 
228° F. The sheet moisture at the creping doctor was 
between about 1.8% and about 3.5%. 

[0115] The creping adhesives were loaded to the Yankee 
dryer by applying a base coating of adhesive at a rate of 1 
lb/ton for 20 minutes with the cleaning blade loaded but set 
at a low line load. Next, a web was run and stabilized with 

a new creping blade having a blade thickness of 0.050“ and 
at a 15° blade bevel for a time of 30 minutes. 

[0116] After the sheet was stabilized for 30 minutes, sheet 
tension was recorded from an online tensiometer during 
each run. Tension was recorded as lbs. force/sheet width. 
The sheet width was 12 inch. Peel tension was also mea 
sured. Peel tension is the force in pounds per 12 inches of 
sheet width required to remove the web approximately 6 
inches above the creping blade on the Yankee surface. The 
peel tension was recorded and used to measure the adhesion 
level of the different coating packages. 

[0117] The Yankee surface was cleaned between adhesive 
runs with a cleaning solution containing 50 g of TRITON 
X100 and 25 g of Trisodium Phosphate in aqueous solution. 
The cleaning was carried out for 3 minutes to remove any 
coating build-up. The cleaning solution was removed using 
wet wipe on the loaded creping blade with the pressure roll 
open. The Yankee was cleaned a second time for 3 minutes 
using water. 

[0118] The ?nal base sheet had a basis weight of 20.5105 
lbs/ream. 

Comparative Examples 17-22 
[0119] Examples 17-22 were run as Examples 14-16 with 
the changes in ping adhesive composition noted in Table 4, 
below. 

TABLE 4 

Adhesive Total 
Adhesive PVOH or add- Peel Caliper Modulus 
PAE PAA Modi?er on Tension Tension Poro?l mils/8 MD 

Ex. lb/T lb/T lb/T lb/T lb/12'l lb/12" g/g shts g/inch—% 

14 0.5 0.5 0.2 1.2 0.3 — 6.25 58.7 11.0 

NALCO 675B NALCO PALSOFT 
7538 580C 

15 0.25 — 0.05 0.3 0.7 0.4 5.43 61.7 10.0 

NALCO 690 PALSOFT 
HA 580C 

16 1 — 0.2 1.2 0.5 0.4 5.29 62.0 10.0 

NALCO 690 PALSOFT 
HA 580C 

17 0.5 0.5 0.2 1.2 0.8 0.55 5.43 58.5 13.0 

QUAKER QUAKER Q2008 
A272 A262 

18 1.5 1.5 0.6 3.6 0.8 0.75 5.27 57.7 14.7 

QUAKER QUAKER Q2008 
A272 A262 

19 1 — 0.2 1.2 2.1 0.85 5.67 53.1 20.3 

HERCULES HERCULES 

82-176 565 
20 1 — 1 2 1.7 1 5.25 49.6 26.6 

HERCULES HERCULES 

82-176 565 
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TABLE 4-continued 

Adhesive Total 
Adhesive PVOH or add- Peel Caliper Modulus 
PAE PAA Modi?er on Tension Tension Poro?l mils/8 MD 

Ex. lb/I‘ lb/I‘ lb/I‘ lb/T lb/12" lb/12" g/g shts g/inch-% 

21 — 0.75 — 0.75 0.95 0.3 5.30 61.7 15.5 

AIRVOL 
540 

22 — 0.5 — 0.5 0.8 0.2 4.50 58.0 21.1 

AIRVOL 
540 

Note that Nalco 675B contains a pre-crosslinked PAE (polyaminamide epichlorhydrin) resin. Also, Nalco 
7538 contains a glyoxalated polyacrylamide resin. Quaker A272 contains crosslinkable PAE, PEG 400, 
and polyphosphate. Furthermore, Quaker A262 contains PVOH and PEG 400. Q2008 contains an imidazo 
line quat. Hercules 82-176 contains a thermosetting PAE resin. Hercules 565 contains a mixture of mineral 
oil and PEG diester. Finally, Airvol 540 is an 87-89% hydrolyzed polyvinyl alcohol (PVOH) in the 
middle to lOW molecular Weight range. 

[0120] From Table 4, the inventive creping adhesive pack 
ages (Examples 14 through 16) gave good adhesion and 
machine runnability With base sheets having loW modulus, 
high caliper and high void volume. These results persist 
even at the very loW add-on level of 0.3 lbs/T (Example 15). 

Examples 23-32 and Comparative Examples 33-36 

[0121] Film property evaluations Were conducted by pre 
paring solutions in 20 ml glass vials. The solutions Were 
mixed in a vortex mixer for 30 seconds. The ratios of the 
components Were based on the total solids of the solution. 

[0122] Films Were formed by Weighing an aliquot of each 
solution into an aluminum Weighing dish that Will dry to 0.5 
gms of solids. The solutions Were dried for 16 hours in a 
105° C. forced-air oven. The dishes Were removed from the 
oven and alloWed to equilibrate to atmospheric conditions 
for 5 minutes prior to evaluations of dry tack, ?exibility, Wet 
tack, and re-Wettability. 

[0123] Dry tack Was evaluated using the following 
method. After the oils Were removed from the ball of the 
thumb of the tester using acetone, the thumb Was pressed 
onto the ?lm surface With a force of about 15 psi. The 
amount of time, measured in seconds that it took for the ?lm 

and the dish to fall to the table, Was recorded. Arating of “0” 
Was given to ?lms in dishes that did not lift from the test 
table. Arating of “3” Was given if the ?lm partially rose from 
the table. A rating of “5” Was given When the ?lm and dish 
lifted completely clear of the table. 

[0124] Wet tack Was evaluated using the folloWing 
method. A one square inch piece of Georgia-Paci?c Center 
pull toWel, Wetted With tap Water and the excess squeezed 
off, Was pressed into the ?lm With a force of about 15 psi. 
A rating of “0” Was given to ?lms in dishes that did not lift 
from the test table. A rating of “3” Was given if the ?lm 
partially rose from the table. Arating of “5” Was given When 
the ?lm and dish lifted completely clear of the table. 

[0125] Flexibility and appearance Were evaluated by 
removing the ?lms from the aluminum dish and visually 
evaluating the clarity, uniformity, and ?exibility of the ?lms. 

[0126] ReWettability Was evaluated using the folloWing 
method. A drop of tap Water Was placed on the dried ?lm. 
These ?lms Were evaluated after about 5 minutes to deter 
mine Whether the reWetted ?lms had swelled, dissolved, 
become more ?exible, or Were rubbery. 

[0127] Table 5 illustrates various properties of Examples 
23-36. 

TABLE 5 

Re 
Component Film: Film: Wettability 

Component One TWo Other Dry Wet Of Oven 
Example No. (PVOH) (PAE) Modi?er additive Tack Tack Dried Films 

33 Prior Art Airvol 523 (80%) Kalipol 18 0 5 Slightly 
Example (20%) SWelled 

34 Prior Art Airvol 523 (93%) Kalipol 18 0 5 Slightly 
Example (7%) SWelled 

35 Prior Art Airvol 523 PVOH Nalco 690HA Quaker 0 3 Became 
Example (61.7%) (33.3%) 2008 (5%) Flexible and 

Dissolved 
Slightly 

36 Control Airvol 523 (100%) 0 5 Dissolved 
23 Invention CR-170 (97%) 82-176 (0.3%) Palsoft 3 5 SWell, then 

580C Dissolved 

(2.7%) 
24 Invention Airvol 523 (58%) Nalco 690HA Palsoft 3 0 SWelled 

(39%) 580C (3%) 
25 Invention Airvol 205 (95%) Palsoft 3 5 SWelled and 

580C (5%) Dissolved 
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TABLE 5-continued 
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Re 
Component Film: Film: Wettability 

Component One TWo Other Dry Wet Of Oven 
Example No. (PVOH) (PAE) Modi?er additive Tack Tack Dried Films 

26 Invention Airvol 205 (94%) Palsoft AZC 3 5 SWelled 
580C (5%) (1%) 

27 Invention Unicrepe Palsoft 3 3 SWelled 
C-77M (95%) 580C (5%) 

28 Invention CR-167 (95%) Palsoft 3 5 Slightly 
580C (5%) SWelled 

29 Invention Airvol 523 (39.4%) Nalco 69OHA Palsoft 5 5 Slightly 
(59.1%) 580C SWelled 

(1.5%) 
30 Invention Nalco 69OHA Palsoft 5 5 SWelled 

(95%) 580C (5%) 
31 Invention Airvol 523 (38%) Nalco 69OHA Palsoft 5 5 Slightly 

(57%) 580C (5%) SWelled 
32 Invention Airvol 523 (59.1%) Nalco 69OHA Palsoft 5 5 Slightly 

(39.4%) 580C SWelled 
(1.5%) 

[0128] CHEMTREAT 170 is a blend of PVOH, PAE and 
additional nonionic compounds from ChemTreat, Inc. 
CHEMTREAT 167 is a blend of PAE, nonionic surfactants 
and MAMAP (monoammonium phosphate) from 
ChemTreat, Inc. AIRVOL 205 is a very loW molecular 
Weight, 87-89% hydrolyzed PVOH from Celanese Chemi 
cals. UNICREPE C-77M is a thermosetting PAE (polyami 
namide-epichlorohydrin) copolymer of adipic acid and 
glutaric acid. UNICREPE 920 is a thermosetting PAE 
(polyaminamide-epichlorohydrin) copolymer of adipic acid 
(AA) and glutaric acid. AZC is an ammonium Zirconium 
carbonate (20% aqueous solution) from EKA Chemical. 

[0129] When the modi?er according to the present inven 
tion Was added to the adhesive formula, the dry tack of the 
adhesives Was signi?cantly improved When compared With 
prior art adhesives alone or With prior art modi?ers, (see 
Table 5). The improved dry tack exhibited by ?lm contain 
ing the modi?er according to the present invention estab 
lishes the improvement of the materials for use as a creping 
adhesive, since these materials Would exhibit better adhe 
sion during the very dry process conditions observed during 
loW moisture creping processes. 

[0130] Other embodiments of the invention Will be appar 
ent to those skilled in the art from consideration of the 
speci?cation and practice of the invention disclosed herein. 
It is intended that the speci?cation and examples be con 
sidered as exemplary only, With a true scope and spirit of the 
invention being indicated by the folloWing claims. 

1. A creping adhesive comprising a modi?er comprising 
a quaternary ammonium complex comprising at least one 
non-cyclic amide. 

2. The creping adhesive of claim 1, Wherein said creping 
adhesive further comprises at least one inorganic cross 
linking agent or Zirconium salt. 

3. The creping adhesive of claim 2, Wherein said Zirco 
nium salt is chosen from at least one of an ammonium 
Zirconium carbonate, a Zirconium acetylacetonate, a Zirco 
nium acetate, a Zirconium carbonate, a Zirconium sulfate, a 
Zirconium phosphate, a potassium Zirconium carbonate, a 
Zirconium sodium phosphate, and a sodium Zirconium tar 
trate. 

4. A creping adhesive comprising an aqueous admixture 
of polyvinyl alcohol, a Water-soluble polyamide resin, and a 
quaternary ammonium complex modi?er comprising at least 
one non-cyclic amide. 

5. The creping adhesive of claim 4, Wherein said Water 
soluble polyamide resin is non-thermosetting. 

6. The creping adhesive of claim 4, Wherein said Water 
soluble polyamide resin is thermosetting. 

7. The creping adhesive of claim 4, Wherein said creping 
adhesive further comprises an inorganic cross-linking agent 
or at least one Zirconium salt. 

8. The creping adhesive of claim 7, Wherein said Zirco 
nium salt is chosen from at least one of an ammonium 
Zirconium carbonate, a Zirconium acetylacetonate, a Zirco 
nium acetate, a Zirconium carbonate, a Zirconium sulfate, a 
Zirconium phosphate, a potassium Zirconium carbonate, a 
Zirconium sodium phosphate, and a sodium Zirconium tar 
trate. 

9. A creping adhesive comprising an aqueous admixture 
of polyvinyl alcohol and a quaternary ammonium complex 
modi?er comprising at least one non-cyclic amide. 

10. The creping adhesive of claim 9, Wherein said creping 
adhesive further comprises at least one inorganic cross 
linking agent or Zirconium salt. 

11. The creping adhesive of claim 10, Wherein said 
Zirconium salt is chosen from at least one of an ammonium 
Zirconium carbonate, a Zirconium acetylacetonate, a Zirco 
nium acetate, a Zirconium carbonate, a Zirconium sulfate, a 
Zirconium phosphate, a potassium Zirconium carbonate, a 
Zirconium sodium phosphate, and a sodium Zirconium tar 
trate. 

12. A creping adhesive comprising an aqueous admixture 
of a Water-soluble polyamide resin and a quaternary ammo 
nium complex modi?er comprising at least one non-cyclic 
amide. 

13. The creping adhesive of claim 12, Wherein said 
Water-soluble polyamide resin is non-thermosetting. 

14. The creping adhesive of claim 12, Wherein said 
Water-soluble polyamide resin is thermosetting. 

15. The creping adhesive of claim 12, Wherein said 
creping adhesive further comprises at least one inorganic 
cross-linking agent or Zirconium salt. 
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16. The creping adhesive of claim 15, wherein said 
Zirconium salt is chosen from at least one of an ammonium 
Zirconium carbonate, a Zirconium acetylacetonate, a Zirco 
nium acetate, a Zirconium carbonate, a Zirconium sulfate, a 
Zirconium phosphate, a potassium Zirconium carbonate, a 
Zirconium sodium phosphate, and a sodium Zirconium tar 
trate. 

17. A method of making a cellulosic Web comprising: 

forming a nascent Web on a foraminous fabric, 

applying to a rotating creping cylinder a creping adhesive 
comprising a modi?er comprising a quaternary ammo 
nium complex comprising at least one non-cyclic 
amide, and 

pressing the cellulosic Web against the creping cylinder to 
cause sheet transfer and adhesion of the Web to the 
cylinder surface. 

18. The method of claim 17, Wherein said Web is removed 
from said creping cylinder surface With a doctor blade. 

19. The method of claim 17, Wherein said Web is removed 
from said creping cylinder surface With a roll. 

20. A method of making a cellulosic Web comprising: 

forming a nascent Web on a foraminous fabric, 

applying to a rotating creping cylinder a creping adhesive 
comprising an aqueous admixture of polyvinyl alcohol, 
a Water-soluble polyamide resin, and a quaternary 
ammonium complex modi?er comprising at least one 
non-cyclic amide, and 

pressing the cellulosic Web against the creping cylinder to 
cause sheet transfer and adhesion of the Web to the 
cylinder surface. 

21. The method of claim 20, Wherein said Web is removed 
from said creping cylinder surface With a doctor blade. 

22. The method of claim 20, Wherein said Web is removed 
from said creping cylinder surface With a roll. 

23. The method of claim 20, Wherein said Water-soluble 
polyamide resin is non-thermosetting. 

24. The method of claim 23, Wherein said Web is removed 
from said creping cylinder surface With a doctor blade. 

25. The method of claim 23, Wherein said Web is removed 
from said creping cylinder surface With a roll. 

26. The method of claim 20, Wherein said Water-soluble 
polyamide resin is thermosetting. 

27. The method of claim 26, Wherein said Web is removed 
from said creping cylinder surface With a doctor blade. 

28. The method of claim 26, Wherein said Web is removed 
from said creping cylinder surface With a roll. 

29. A method of making a cellulosic Web comprising: 

forming a nascent Web on a foraminous fabric, 

applying to a rotating creping cylinder a creping adhesive 
comprising an aqueous admixture of polyvinyl alcohol 
and a quaternary ammonium complex modi?er com 
prising at least one non-cyclic amide, and 

pressing the cellulosic Web against the creping cylinder to 
cause sheet transfer and adhesion of the Web to the 
cylinder surface. 

30. The method of claim 29, Wherein said Web is removed 
from said creping cylinder surface With a doctor blade. 

31. The method of claim 29, Wherein said Web is removed 
from said creping cylinder surface With a roll. 
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32. A method of making a cellulosic Web comprising: 

forming a nascent Web on a foraminous fabric, 

applying to a rotating creping cylinder a creping adhesive 
comprising an aqueous admixture of a Water-soluble 
polyamide resin and a quaternary ammonium complex 
modi?er comprising at least one non-cyclic amide, and 

pressing the cellulosic Web against the creping cylinder to 
cause sheet transfer and adhesion of the Web to the 
cylinder surface. 

33. The method of claim 32, Wherein said Web is removed 
from said creping cylinder surface With a doctor blade. 

34. The method of claim 32, Wherein said Web is removed 
from said creping cylinder surface With a roll. 

35. The method of claim 32, Wherein said Water-soluble 
polyamide resin is non-thermosetting. 

36. The method of claim 35, Wherein said Web is removed 
from said creping cylinder surface With a doctor blade. 

37. The method of claim 35, Wherein said Web is removed 
from said creping cylinder surface With a roll. 

38. The method of claim 32, Wherein said Water-soluble 
polyamide resin is thermosetting. 

39. The method of claim 38, Wherein said Web is removed 
from said creping cylinder surface With a doctor blade. 

40. The method of claim 38, Wherein said Web is removed 
from said creping cylinder surface With a roll. 

41. A method of making a cellulosic Web comprising: 

forming a nascent Web on a foraminous fabric, 

transferring the nascent Web from one foraminous fabric 
to another foraminous through-air-drying fabric, 

partially drying the Web to a solids level of from about 
40% solids to about 98% solids on said through-air 
drying fabric, 

applying to a rotating creping cylinder a creping adhesive 
comprising a modi?er comprising a quaternary ammo 
nium complex comprising at least one non-cyclic 
amide, and 

pressing the cellulosic Web against the creping cylinder to 
cause sheet transfer and adhesion of the Web to the 
cylinder surface. 

42. The method of claim 41, Wherein said Web is removed 
from said creping cylinder surface With a doctor blade. 

43. The method of claim 41, Wherein said Web is removed 
from said creping cylinder surface With a roll. 

44. A method of making a cellulosic Web comprising: 

forming a nascent Web on a foraminous fabric, 

transferring the nascent Web from one foraminous fabric 
to another foraminous through-air-drying fabric, 

partially drying the Web to a solids level of from about 
40% solids to about 98% solids on said through-air 
drying fabric, 

applying to a rotating creping cylinder a creping adhesive 
comprising an aqueous admixture of polyvinyl alcohol, 
a Water-soluble polyamide resin, and a quaternary 
ammonium complex modi?er comprising at least one 
non-cyclic amide, and 

pressing the cellulosic Web against the creping cylinder to 
cause sheet transfer and adhesion of the Web to the 
cylinder surface. 
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45. The method of claim 44, wherein said Web is removed 
from said creping cylinder surface With a doctor blade. 

46. The method of claim 44, Wherein said Web is removed 
from said creping cylinder surface With a roll. 

47. The method of claim 44, Wherein said Water-soluble 
polyamide resin is non-thermosetting. 

48. The method of claim 47, Wherein said Web is removed 
from said creping cylinder surface With a doctor blade. 

49. The method of claim 47, Wherein said Web is removed 
from said creping cylinder surface With a roll. 

50. The method of claim 44, Wherein said Water-soluble 
polyamide resin is thermosetting. 

51. The method of claim 50, Wherein said Web is removed 
from said creping cylinder surface With a doctor blade. 

52. The method of claim 50, Wherein said Web is removed 
from said creping cylinder surface With a roll. 

53. A method of making a cellulosic Web comprising: 

forming a nascent Web on a foraminous fabric, 

transferring the nascent Web from one foraminous fabric 
to another foraminous through-air-drying fabric, 

partially drying the Web to a solids level of from about 
40% solids to about 98% solids on said through-air 
drying fabric, 

applying to a rotating creping cylinder a creping adhesive 
comprising an aqueous admixture of polyvinyl alcohol 
and a quaternary ammonium complex modi?er com 
prising at least one non-cyclic amide, and 

pressing the cellulosic Web against the creping cylinder to 
cause sheet transfer and adhesion of the Web to the 
cylinder surface. 

54. The method of claim 53, Wherein said Web is removed 
from said creping cylinder surface With a doctor blade. 

55. The method of claim 53, Wherein said Web is removed 
from said creping cylinder surface With a roll. 

56. A method of making a cellulosic Web comprising: 

forming a nascent Web on a foraminous fabric, 

transferring the nascent Web from one foraminous fabric 
to another foraminous through-air-drying fabric, 

partially drying the Web to a solids level of from about 
40% solids to about 98% solids on said through-air 
drying fabric, 

applying to a rotating creping cylinder a creping adhesive 
comprising an aqueous admixture of a Water-soluble 
polyamide resin and a quaternary ammonium complex 
modi?er comprising at least one non-cyclic amide, and 

pressing the cellulosic Web against the creping cylinder to 
cause sheet transfer and adhesion of the Web to the 
cylinder surface. 

57. The method of claim 56, Wherein said Web is removed 
from said creping cylinder surface With a doctor blade. 

58. The method of claim 56, Wherein said Web is removed 
from said creping cylinder surface With a roll. 

59. The method of claim 56, Wherein said Water-soluble 
polyamide resin is non-thermosetting. 

60. The method of claim 59, Wherein said Web is removed 
from said creping cylinder surface With a doctor blade. 

61. The method of claim 59, Wherein said Web is removed 
from said creping cylinder surface With a roll. 
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62. The method of claim 56, Wherein said Water-soluble 
polyamide resin is thermosetting. 

63. The method of claim 62, Wherein said Web is removed 
from said creping cylinder surface With a doctor blade. 

64. The method of claim 62, Wherein said Web is removed 
from said creping cylinder surface With a roll. 

65. A method of creping a cellulosic Web comprising: 

forming a nascent Web from an aqueous ?ber furnish on 
a foraminous fabric, 

transferring the nascent Web from one foraminous fabric 
to another foraminous through-air-drying fabric at a 
fabric crepe level from about 0% to about 25%, 

partially drying the Web to a solids level of from about 
40% solids to about 98% solids on said through-air 
drying fabric, 

applying to a rotating creping cylinder a creping adhesive 
comprising an aqueous admixture of a polyvinyl alco 
hol, a Water-soluble polyamide resin, and a quaternary 
ammonium complex modi?er comprising at least one 
non-cyclic amide, 

pressing the cellulosic Web against the creping cylinder to 
cause sheet transfer from the formaminous through-air 
drying fabric and adhesion of the Web to the cylinder 
surface, 

drying the cellulosic Web on the creping cylinder to from 
about 92% solids to about 99% solids, 

removing the Web from the creping cylinder surface With 
a doctor blade With a residual crepe level of from about 
—7% to about 30%, and 

Wrapping the Web into a reel. 
66. The method of claim 65, Wherein said Water-soluble 

polyamide resin is non-thermosetting. 
67. The method of claim 66, Wherein said aqueous ?ber 

furnish comprises a Wet strength resin. 
68. The method of claim 66, Wherein said aqueous ?ber 

furnish comprises a dry strength resin. 
69. The method of claim 66, Wherein said aqueous ?ber 

furnish comprises a Wet strength resin and a dry strength 
resin. 

70. The method of claim 69, Wherein said aqueous ?ber 
furnish comprises at least about 70% softWood. 

71. The method of claim 65, Wherein said Water-soluble 
polyamide resin is thermosetting. 

72. The method of claim 71, Wherein said aqueous ?ber 
furnish comprises a Wet strength resin. 

73. The method of claim 71, Wherein said aqueous ?ber 
furnish comprises a dry strength resin. 

74. The method of claim 71, Wherein said aqueous ?ber 
furnish comprises a Wet strength resin and a dry strength 
resin. 

75. The method of claim 74, Wherein said aqueous ?ber 
furnish comprises at least about 70% softWood. 

76. A method of creping a cellulosic Web comprising: 

forming a nascent Web from an aqueous ?ber furnish on 
a foraminous fabric, 

transferring the nascent Web from one foraminous fabric 
to another foraminous through-air-drying fabric at a 
fabric crepe level from about 0% to about 25%, 
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partially drying the Web to a solids level of from about 
40% solids to about 98% solids on said through-air 
drying fabric, 

applying to a rotating creping cylinder a creping adhesive 
comprising an aqueous admixture of a polyvinyl alco 
hol, a Water-soluble polyamide resin, at least one Zir 
conium salt, and a quaternary ammonium complex 
modi?er comprising at least one non-cyclic amide, 

pressing the cellulosic Web against the creping cylinder to 
cause sheet transfer from the foraminous through-air 
drying fabric and adhesion of the Web to the cylinder 
surface, 

drying the cellulosic Web on the creping cylinder to from 
about 92% solids to about 99% solids, 

removing the Web from the creping cylinder surface With 
a doctor blade With a residual crepe level of from about 
—7% to about 30%, and 

Wrapping the Web into a reel. 
77. The method of claim 76, Wherein said Water-soluble 

polyamide resin is non-thermosetting. 
78. The method of claim 77, Wherein said aqueous ?ber 

furnish comprises a Wet strength resin. 
79. The method of claim 77, Wherein said aqueous ?ber 

furnish comprises a dry strength resin. 
80. The method of claim 77, Wherein said aqueous ?ber 

furnish comprises a Wet strength resin and a dry strength 
resin. 

81. The method of claim 80, Wherein said aqueous ?ber 
furnish comprises at least about 70% softWood. 

82. The method of claim 76, Wherein said Water-soluble 
polyamide resin is thermosetting. 

83. The method of claim 82, Wherein said aqueous ?ber 
furnish comprises a Wet strength resin. 

84. The method of claim 82, Wherein said aqueous ?ber 
furnish comprises a dry strength resin. 

85. The method of claim 82, Wherein said aqueous ?ber 
furnish comprises a Wet strength resin and a dry strength 
resin. 

86. The method of claim 85, Wherein said aqueous ?ber 
furnish comprises at least about 70% softWood. 

87. The method of claim 76, Wherein said Zirconium salt 
is chosen from at least one of an ammonium Zirconium 
carbonate, a Zirconium acetylacetonate, a Zirconium acetate, 
a Zirconium carbonate, a Zirconium sulfate, a Zirconium 
phosphate, a potassium Zirconium carbonate, a Zirconium 
sodium phosphate, and a sodium Zirconium tartrate. 

88. A paper product produced by applying to a creping 
cylinder a creping adhesive comprising a modi?er compris 
ing a quaternary ammonium complex comprising at least 
one non-cyclic amide; 

creping a ?brous Web from the creping cylinder; and 

producing said paper product from said ?brous Web. 
89. The paper product of claim 88, Wherein said creping 

adhesive further comprises at least one inorganic cross 
linking agent or Zirconium salt. 

90. The paper product of claim 89, Wherein said Zirco 
nium salt is chosen from at least one of an ammonium 
Zirconium carbonate, a Zirconium acetylacetonate, a Zirco 
nium acetate, a Zirconium carbonate, a Zirconium sulfate, a 
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Zirconium phosphate, a potassium Zirconium carbonate, a 
Zirconium sodium phosphate, and a sodium Zirconium tar 
trate. 

91. A paper product produced by applying to a creping 
cylinder a creping adhesive comprising an aqueous admix 
ture of polyvinyl alcohol, a Water-soluble polyamide resin, 
and a quaternary ammonium complex modi?er comprising 
at least one 

creping a ?brous Web from the creping cylinder; and 

producing said paper product from said ?brous Web. 
92. The paper product of claim 91, Wherein said Water 

soluble polyamide resin is non-thermosetting. 
93. The paper product of claim 91, Wherein said Water 

soluble polyamide resin is thermosetting. 
94. The paper product of claim 91, Wherein the paper 

product is a toWel, tissue, or napkin. 
95. The paper product of claim 91, Wherein the ?brous 

Web is produced by a conventional Wet press process. 
96. The paper product of claim 91, Wherein the ?brous 

Web is produced by a through-air-drying process. 
97. The method of claim 65 , Wherein the creping adhesive 

composition comprises about 0.25% to about 20% by Weight 
(based on the solids of the total creping adhesive composi 
tion) of the quaternary ammonium complex modi?er com 
prising at least one non-cyclic amide. 

98. The method of claim 65, Wherein the creping adhesive 
composition comprises about 20% to about 80% by Weight 
(based on the solids of the total creping adhesive composi 
tion) of the polyvinyl alcohol. 

99. The method of claim 65 , Wherein the creping adhesive 
composition comprises about 20% to about 80% by Weight 
(based on the solids of the total creping adhesive composi 
tion) of the Water-soluble polyamide resin. 

100. The method of claim 65, Wherein the creping adhe 
sive composition comprises about 39% to about 58% by 
Weight (based on the solids of the total creping adhesive 
composition) of a Water-soluble polyamide resin; about 38% 
to about 60% by Weight (based on the solids of the total 
creping adhesive composition) of polyvinyl alcohol; and 
about 1% to about 4% by Weight (based on the solids of the 
total creping adhesive composition) of a quaternary ammo 
nium complex modi?er comprising at least one non-cyclic 
amide. 

101. The method of claim 100, Wherein the creping 
adhesive composition is applied to a rotating creping cyl 
inder at a level of 0.025 to about 0.050 g of solid creping 
adhesive composition per meter squared of dryer surface. 

102. The method of claim 76, Wherein the creping adhe 
sive composition comprises about 0.25% to about 20% by 
Weight (based on the solids of the total creping adhesive 
composition) of the quaternary ammonium complex modi 
?er comprising at least one non-cyclic amide. 

103. The method of claim 76, Wherein the creping adhe 
sive composition comprises about 20% to about 80% by 
Weight (based on the solids of the total creping adhesive 
composition) of the polyvinyl alcohol. 

104. The method of claim 76, Wherein the creping adhe 
sive composition comprises about 1% to about 20% by 
Weight (based on the solids of the total creping adhesive 
composition) of said at least one Zirconium salt. 

105. The method of claim 76, Wherein the creping adhe 
sive composition comprises about 20% to about 80% by 




